The straight-bladed vertical axis wind turbine is one of the promising candidates for next-generation power sources because of its high efficiency, quiet operation and structural simplicity. Fewer wind turbines of this type have been manufactured and used so far compared with other types like the horizontal type. Therefore, further improvement in efficiency is essential in order to promote their widespread use. The purpose of this study is to better understand the influence of the blade profile of the straight-bladed vertical axis wind turbine on flow and aerodynamic performance and to improve wind turbine efficiency. Unsteady two-dimensional flow through a wind turbine with a symmetrical blade profile, the diameter of which was 3 m, was numerically computed with a commercial CFD code and the results were analyzed. A wind turbine with outward-cambered blades was then designed in order to increase the rotational force acting on the blade along with a wind turbine with inward-cambered blades for comparison. The computational results showed that the wind turbine with outward-cambered blades was better in performance than the ones with symmetrical or inward-cambered blades. Experiments using small wind turbine models, the diameter of which was 200 mm, were carried out in order to verify the computational results. The experimental results showed the same tendencies as the computational results in spite of the difference in scale, Reynolds number and blade number. The effects on flow and performance were also analyzed by additional computations performed with the same CFD code.
Test wind turbine impeller Five local maximums and minimums are found in C p for overall turbine blades, which corresponds to the rotation of five blades and their time averaged value is about 0.16. It is necessary to improve C p for individual blades in order to improve C p for the overall turbine impeller. Therefore, efforts were made in this work to increase C p in the range of α=50˚ to 150˚. Regarding the operating range in terms of the tip speed ratio and the tip speed ratio of maximum C p , the computation results are relatively close to the experimental data for both blades, although a little discrepancy is found in maximum C p values. Taking into account the fact that the computation was two-dimensional and that the rotational axis was disregarded, the computational code used in the analysis has sufficient accuracy for practical application such as to vertical axis wind turbines. Fig. 11 The rotational force, F, is the tangential component of the fluid force, F f , which is the resultant force of the lift, F L , and the drag, F D . Torque, T, is given as F multiplied by the arm length, r. Therefore, an outward cambered blade is more advantageous than a symmetrical or an inward cambered blade for increasing F at this blade location. Variations of C p for individual blades in terms of α. C p reaches its peak value of 0.72 near α=100˚ for Impeller N, which is 40% as large as the peak value of 0.51 for Impeller A. On the other hand, the absolute value of C p for Impeller N is larger than that for Impeller A in the ranges of 0˚<α<40˚ and 160˚<α<360˚.
3・2 そりの向きが性能に及ぼす影響
Fig. 14 Variations of C p in terms of tip speed ratio, λ. C p reaches the peak value of 0.22 at a tip speed ratio of 2.5 for Impeller N, which is about 30% larger than the peak value of 0.17 for Impeller A. On the other hand, C p stays near zero or minus values for Impeller P, which means power is not generated. Figure 15(a) shows that the performance of Impellers BN and CN with an outward-cambered blade is better than that of Impeller A with a symmetrical blade. The performance of Impellers BP and CP with an inward-cambered blade is worse than that of Impeller A. However, the operating range in terms of the tip speed ratio becomes wider and the tip speed ratio of the highest C p becomes larger for impellers with an inward-cambered blade. It is also found that the peak C p value for impellers with 8% chord maximum camber is smaller than that for 4% chord maximum camber regardless of the camber direction. Almost the same conclusions can be derived from Figs. 15(b) and 15(c).
ち翼に対する相対流入角（図 18(a)では約 50˚，図 18(b)では約 72˚）の違いによるものである． Fig. 16 Computed power coefficients for the model and the actual machine scales of the same specifications except the diameter. Both the peak C P value and the operating range in terms of the tip speed ratio are larger for the actual machine scale, which can be attributed to the higher Reynolds number defined as Re=DV/υ. On the other hand, the peak C P value is lower for Impeller A shown in Ejiri, E. and Iwadate, T., Experimental and computational investigation on gyromill wind turbines focusing on wing camber, Proceedings of the ASME-JSME-KSME Joint Fluids Engineering Conference, AJK2015-28401 (2015 . 
